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1. 



As encfigy ciffmiindg iocrawe and fossil fbds art limited, 
research is direcied towazds altenutive renewable fuels, 
fiionuuB bas been fomid to produce low-molecuiax^weight 
or^gank liquids, which can be used or proposed for vefaic^ 
A pcrtential dicsel oil Mibstitute is Wodiesel, r^*^»i^^ of 
metbyl esters of fatty acids pcodoced by the mnsesterifica- 
tkM reaction of ir^glyecridag of v^ta^hlft eAlm wMi wwhrgTol 
with tbe help oCa catalyiit [1]. Due to die pvaC molDcuIar 
sinulazities of biodiesel to pftr»fiww diesd fuel <'- «ity n imify 
this altemative fuel has a chance of fial611ing ^ ^^mmtuU 
that diesel engine makes of its fuel Essentially, no engine 
modificattoas are lequiied to subfidtole Uodletel for diesel 
fuel that can maintain the engine pexfbnnanoew In addition, 
biodiesel is better dian dieael fiiel in teons of sulfur oontent, 
flash point, aromatic oonteot and biodegnuiahilily p). 

tediis UotfietcJ fuel, there hwe been various atndies m 
Europe, US and Japan and mott of the oooveodonal meth- 
ods for biotfeael prodnction use a basic or nddic catalyiL 
Widi an add catdytt. a reaction of h was necessary 
for die formation of tbe respective eaten and by basic cata- 
lyst, it is somewhat faster depending on the temperature and 
pRSsme, but it still takes 1-8 h for a reactioD [3-8]. The 
reaction is initially >]ow becaiue of the two-phase nature of 
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the metfaand/oil system, and slows even fMier becanae of 
polarity problem [8]. In addition, a removal of both the 
catalyst and die saponified products after Ihe reacdoo is 
essential for its purificadon \9]. 

It is, thus, of great interest from a pcactical point of view 
to study a practically possible pnxxss wiUtoct using any 
catalyst In this woik, therefore, we have made a fimdamcn* 
tnl shidy on the transiwtftffflcadon of die tapesc ed oOs in 
snpereritical methanol to invesdsMa die poaaiUlity of 
converting tbe triglycerides of the npeaeed oil to methyl 
estars as UocSesel Mb [10]. 



The rapeseed oil from Nacalat Tesque was used in this 
woric as a vegetable ^ In addition, various mediyl eaten 
such as palmitic, stearic, oleic, lincleic and Biwflmiff acids 
were obtsined from Nacahd Teaque as a standard. 

Tbe si^ierciitical meduaal biomass oonversioD system 
employed in this wodc is shown in Rg. 1. The 5 ml reaction 
vesad made of Incottel-62S was used in this system in which 
the pressure and te mp era tu re were monitored in a real time, 
covering up to 200 MPa and 550^ respectively. The reac- 
tion vessel in this system was charged with a given amount 
of rapeseed oil (2.00 g) and liquid medianol (336 g) with a 
molar ratio of 1:42. The reaction, vesad was then quickly 
immened into die tin badi preheated at 350 or 400^, and 
for a set time interval fbr snpereritical tteatmenls 
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methanol, from 10 to 240 s. It was, subsequently, moved 
into the water bath to stop the reaction. 

The treated rapeseed oil was then allowed to settle for 
about 30 min to have the three pihases separated. The lop 
phase consUtijig of methanol was then lenoovcd, and for the 
remamxng phases, the upper and the lower, each portion was 
evaporated at 90^ for 20 min to remove the remaining 
methanoL After measuring Uieir lesiffaial weight, the upper 
and the lower portions were analyzed for its ooropoution by 
u^g the high perioimaiice liquid chnmatogn^riiy (HPLC) 
(S him adpi. IC'IQAT) whocb consists of the cdmmi (STR 
ODS-n, 25 cm in lengdi X 4.6 mm in imicr diameter, 
Sbinws Chem. LkL Co.) and lefiactive index detector 



Ford Development Ltd, Japan and Bio Super 300 from 
VOGEL and NOOT Technology, Biodieset Inlematiooal, 
Austria. The fonner was pcodticed from the wastes at the 
rapeseed ml, whereas the latter is fnan virgio. : 

oil. 



Assuming that the tnmsesterification reaction of the r^- 
aeed oil in the snperoriiical methanol proceeds imder the 
same reaction mecbsfiism as lh«t of uRDg liquid aoelhniol. 
the reaction proceeds without any eaialyst as follows: 
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(Shimadzo, RIi>10A) operated at A(fC with l.Oml/nnn 
flow tale of methanol as a carrier solveoL Thie sample ii^ec- 
tkn volume, was 20 |U and the peak identification was madb 
by oonqpaiiDg die letentioii tinie between die 
Btandafd compound. 

For can^Mriion, common metbykstcrifiieatioD reaction 
of the ii^ieseed oil was made widi liquid methanol and a 
catalyst of sodium hydroxide at 6CrC in an ordinary 
pressoTB. The obtained methyl esten as well as commer- 
cial biodieael oils were then analyzed by the HFIjC The 
oils studied are E-Oil from Lon 
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where and are aDcyl groups with chain lengths 

ranging mainly from Ci j to Ci? [ 1 } , 1 2}. Theoretically, trans- 
esterificatioo reaction is equilibrium reaction. la this reac- 
tion, however, more amount of xnethaool was used io shift 
the reaction equilibfium to the right ride and produce more 
methyl esters as the p rop o s ed product 

Pig. 2 shows a typical example of die relationship 
between the reaction time and the tempeiatm and pressure 
in the itactioo vessel as immersed into the tin bath 
preheated at 400*C It is clear that it takes about 11 s to 
reach the sup eiciitidiJ metlianol (SC MeOH) conditioins in 
which the ciifical tenqwnitnre and ttie critical pressure of 
medtuuiol are* re^pecthraly, 239^ sod 8.09 MPs. However, 
once die reaction vessel was immersed into die water batti. 
die siqocritical oowStkms w^ ideased to the otdittary 
oonrtificns in a few seconds. 

Widi this biooiass oonvcraoD system, the' n^eseed oil 
was treated, in supercritical melhanol at a pceheatiag 
temperature of 350^ Ibe maxisEiinn tempearatore and pres^ 
sure readied were 342*C and 45 MPa. The treated oSI was 
smdied for its upper and lower portioos by the HFIXI. Hie 
HFLC chromalogiram obtained for the lower porticn, which 
comtHins heavy glass clear liquid, is shown in Rg. 3. Knom 
the cliiattatogzam of the glyoerin standard shown, the liquid 
obtahnd m the lower portion can be i^yoerin, as ejqiected. 

For the upper porticfi, the obtained HFlXTcfaiomatograms 
are shown in Hg. 4. Methyl esters of the rqieseed oO are 
known to consist of methyl palmitaie (Cja^, meth^ stearaie 
(Cit^, mediyl oleate (C|t.i), methyl linoleaie (Cit^ and 
methyl linolenate (Cix^), in which the first number in the 
subscript is that of carbons in the alky] chain, while the 
second is that of the double bond [13]. These methyl esten 
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Studied by the HFIjC. appear in the letention time lest 
than lOmin in tiie chiomatogrami, while the peaks at 
the longer letention times observed are believed to be 
partially methylated esters soch as diglycendes and 
monoflyoerides, As Iranaesteriiication ptroceeds. the 
peak intensitieB of methyl esten are appaientiy 
: with a decrease in ihom dt partially mefiqp- 



The changes in tbe tmnsesteiification prodticts ate sfaDwn 
in more detail against the sapercritical treatment in Hg. 5, 
The course of the reaction is fut in the bcgmnii^ and gradu- 
ally becomes slow in Oke longer reaction time. Except foo^ 
methyl linolraiatr, the vohunetiic ccmcentratian of mediy- 
laied oon^KJunds increaaes in line with the xeacticm time. 
The teason for a tread of metbyl linolenate is not known, bat 
finoon aa examination on ftee fatty acids of lapeseed oal 115]. 
Jt was found that linolenic add is the fastest to be 
methyl estoified followed by Unoldc and oldc adds 
which have less donUe bonds than linolenie acid. 
FuilhefiDore, the ester of linolenic add is most unstable 
against higher temperature treatment Therefore, the 
volume percentage of methyl linolenaie would be 
decreased in the later stage of the treatment as shown 
in Fig. 5. This further implies that Che volume 





Lower 




portion 




V 




OlyceriA 


.. 1 


L 


0 


5 10 



Retention time, min 

Pig. 3. HPLC chramatDsmm of ttic krarer portkie • 
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peiceauge of ntetfayl esicrified com^omidt may dcpeaid 
to some extent on the treatment oonditm fl|i|died. For a 
tfeatment of 350% end 120 », mettiyl oleate sbares tbe 
biggest portion in tbe metbylntod compounds foDowed 
by methyl palfnifaff,. methyl Unoleate, methyl Unolenale. 
and the last being methyl stearate. 

It i« interesting to note from Fig. 5 thjit over 40% of 
the rapes e ed oil is methyl esterified only at 30 s treat- 
man and Hut 240 b snpercxitical treatment has lesolted 
in over 95% canvcfsion to methyl esten. This result is 
significaat when CMnpared with tbe other imcvious 
results. Diaaakov et al. [14], faave reported that without 
a catalyst, methyl esterification of soybean lequiied 
10 fa to get 85% yield al 23S*C, while Mannkovic [3) 
rqported to need 3 h to yield the same result by using an 
acid catalysL 

Hg. 6 shows a direct cocnparison in the HFIjC cfaromato- 
grams, between the sopercritica] metbanol-treated sample at 
a preheating temperature of 350°C (240 s) and that prepared 
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by the ccmimon method which employs a catalyst of sodinm 
hydroxide. For comparison, also shown it the cfaromalo- 
grem of ttie rapeseed ofl treated in ihe higher preheating 
temperature of 400^ (120 s) with sopercriticBl methanol. 
The £-Oil and Bio Super 3000 are both commercially 
availaUe baodiesel fuels produced fiom tbe wastes of the 
rapes eed oil and virgin rapeseed ral. req^ectively, with a 
basic catalyst It is dear from these cfaramatogiams that 
the pattems of Ae common iiiefliod and the oommereial 
ftiels are similar to each other. However* superefidcaUy 
treated sample ax 400^ is somewhat different, porticoiady 
in the sbotter retenlioo times of the chromatopam. This 
difference is clearly demonstrated in Hg. 7 in wtaicb its 
sami^ contaiiu meUiyl linoleale and metyl liikdienate, 
while the other three oils are tugher in the content of methyl 
ofeaie. The reason for this wotdd be related with die siqier- 
critical condition in which higher temperature and pnssuie 
oi die reaction were cmplpypd. As mcntianed ptrevioudy, 
the rate of decompoaition and dehydrogenation reactions 
might be higher at longer treatment and Yai^xt ternpentore 
treatment in die fDllowing order of methyl lin olfi MiB, 
methyl M noleate and methyl oleate. In oonsequenoe, |Mat 
of methyl esters with less doable bonds would be converted 
to ccnxipounds with more double bonds as obsenred in the 
sbortBT retention time of tbe HFLC chromsiorgrams. The 
rapeseed oil treated in 350X: of supeiaitical methanol for 
240 a showed a oompanUe methyl eslettcoaipodtiQn with 
that of three odier mis. In addition, the nos-mediyl esters are 
more or less die same in o o nlen t . H can ba^ tiberefbie* 
proponed that the tiamealerifkaitkin reaction is more 
suitable at a tempertfure of 350°C while at 400^ the 
dehydration reaction proceeds perhaps with some tey 
adds at the same, time with transeaterificatioo reactkm of 
the rapeseed oiL 

Table 1 shows tbe yields of methyl esiera and glycerin in 
. the upper and lower portions as the n^eseed oil was treated 
in supercritical metbanoL For comparison, the ^ds by the 
common method and their theoretical values are also 
mrluded. The yield of the upper portion consisting of 
methyl esters prepared by this supercritieal methanol 
method is even hig^ than that of the common method. 
The increased yidd in this supercriticat process would 
be due to a converuon of free fatty acids to its methyl 
esters. Free fatty adds, which are converted in the 
common method to be the saponified products by tbe 
alkaline catalyst, were recently found U> be converted to 
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methyl esters through the dehydrttion reaction during 
the siipenadtica] trraitmrnt of methanol as pubJIsbed 
elsewfaeie [15]. This fisding siiggests that the rapocri* 
deal methane^ treatment has a great availability to 
perfonn the transeitBrificatioii reaction, and that it 
would provide a clue aa to eatabliahing a. new process 
for convening yegeubie oil to biodieael ftiel. 

As it was already inentkned, biodiesd prodnclion by the 
COTunon method mquirei a catalyst, either basic or acidic. 

. Tbe scfaemilic of Its process is shown in Hg. 8. Gener- 
ally, methyl esterificalioa leactioa takes place in the 
elevated temperatore around 6(rc and post 
becomes crucial because several steps of 
are xkeeded to achieve methyl esters firom tbe upper 
portion. Che lower portion, it is necessaiy to remove 
all the saponified products produced from free fatty 
acids and basic cntalyst to achieve glycerin, as co> 
products. The supercritical methanol process* however, 
becomes much simpler as in Fig. 9, since it is a cata- 

. lyst-^ree process and thus only a removal of methanol is 

- reQturod. 
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The cotmnoa mediod esi|^oy«d for the oommincial 
production of methyl esteis takes 1-8 h at a temperatne 
close to 6Crc. The reaction is initially slow because of the 
two-phase aatme of tbe methanol/oil system, snd slows 
even ftirther because of tbe polarity problem even with the 
help of aq add or an alkali catalyst However, as de sc ribed 
in this work, superoritical method can readily solve tiiese 
problems because of the supercritical temperatiue and 
pressure employed. Tbe dielectric constant of liquid metha- 
nol which tends to be decreased in die snpooidcal state 
inoeases the aofaibillty of oil in mclhwol to form a shigle 
phase of methanol/oil system. Solnhili^ parameter of 
tbe rapesced oil detemiined by the theoretical calcula- 
tion is about 18 (MPa)*'^ while methanol is 26 (MPa)'^ 
asd its value decreases to be cloaer to that of the 
n^Mseed oil in supercritical state d^>eiKling on die 
temperature and pressure employed [16]. It was also 
reported by Ma [4] thai the solubility of triglycerides 
hi methanol increased at a rate of 2-3% (wAir) per l(fC 
as the reactioin temperatufe Increased. In addition, a 
kinetic study clearly indicated that the 
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coDSUnt In transesterificatioii is greatly increased in the 
ropeicritica] state [15]. Consequently, the reaction can 
be completed in a veiy short time. 

In condusioa. Table 2 summarizes the superiCHity of tbe 
si^ieicritical methanol process over the common method 
Tba merit of dus method is that dns new process just 
reqniies a veiy short leactioo time. In addition, because of , 
the non-catalytic jboccss. tbe purifiritwin of products after 
1 leactiaB is mocb simpler and environ- 
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mental frieDdly, compaied with the ochdqidoii method in 
which »I1 the catalyst and s^ionified products have to be 
removed for biodiesel fuels. As a result, it just needs less 
energy for the n^anufacturing process. Therefore, this new 
process can offer an alternative way to convert vegetable 



oils to methyl esteis by a nmpler-safer-shorter pioduclioA 
process in an environmental friendly manner* 
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